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PREPARATION, CHARACTERIZATION AND SOLUBILITY PRODUCT CONSTANT OF AmOHCO3

Robert J. Silva* _

Lawrence Livermore National Laboratory
P.0. Box 808

Livermore, CA 94550

USA

ABSTRACT. An investigation into the nature and solubility of a
stable solid phase formed by a trivalent actinide, 243pn » in dilute
aqueous carbonate solutions was conducted. The compound exhibited an
- x-ray powder diffraction pattern which was nearly identical to that
reported for NdOHCO3 -~ type A. The pattern could be indexed in the
orthorhombic system with unit cell parameters a = 4,958, b = 8,487,
and ¢ = 7,215 A. The steady state solubility of the compound was
determined from the results of both dissolution and precipitation
experiments. The average solubility product quotient for 0.1M

ionic strength, 25 + 1°C and 1 atmosphere pressure was found to be
583 + 206. The solubility product constant for zero ionic strength

was estimated to be 335 + 120,

1. INTRODUCTION

Computer calculations indicate that the actinides U-Am will be the

ma jor contributors to the radioactivity of high—~level nuclear waste
after storage periods of several hundred years or longer [1, 2], the
design criteria for the lifetime of the metal canisters [3]. In the
event that the waste packages fall to contain the radioactive materials,
they will enter the local groundwater system and, if moving, the ground-
water is expected to provide the most likely mechanism by which the
radionuclides could be transported from an underground storage facility
to the accessible environment [4). The actinides can react with various
components in the altered groundwater to form insoluble phases that

can control their solution concentrations and, thus, their migration
rates. The exact nature of the solid phases will depend on a number

of factors, e.g., the composition and redox properties of the ground-
water system and the oxidation states of the actinided. Therefore, a
knowledge of the nature and solubilities of actinide compounds that
could form in groundwater is one of the pieces of information that is
needed to predict migration rates.



Thermodynamic data on trivalent lanthanide elements [5], good
analogs for actinides in the 3+ state [6], suggest that carbonate
compounds of the latter may be quite insoluble in carbonate bearing
groundwaters; however, no thermodynamic data have been reported. The
object of this work was to investigate the nature and solubilities of
compounds of a trivalent actinide, 243Am3+, in an aqueous carbonate

system.

2. EXPERIMENTAL PROCEDURES
2.1. Preparation and Characterization of Solid Phase

The preparation of rare-earth carbonates via the formation and sub-
sequent hydrolysis of the trichloroacetate complex in aqueous solution
is a well established method for producing a pure, easily filterable
and crystalline material [7, 8]. The exact nature of the rare~earth
carbonate depends on the atomic number of the rare earth and is quite
sensitive to the preparative conditions, e.g., temperature, COg
-pressure and the washing procedure. The octahydrate, Ry(CO3)3-8H0,
is usually formed by the first members of the rare-earth series, e.g.,
La, while the dihydrate, Ry(CO3)-2H70, is usually formed by the middle
and end members of the series, e.g., Nd=-Yb [9]. Charles has also
reported that, even using the same procedures and conditions, some
rare earths form the dihydrate, e.g., Nd, while others form the basic
carbonate, ROHCO3, e.g., Pr [10]. The compounds are, however, usually
pure. Because of these complications, it seemed prudent to first test
the preparative method and the stability of the resulting solid phase
with neodymium, a good analog element for americium.

"Approximately 10 mgs of neodymium carbonate were prepared by the
trichloroacetate method. An x-ray powder diffraction pattern of the
material was obtained with a Debye-Scherrer camera using CuK, radiation
(N =1.,5418 .A) and a Ni filter. The d-spacings and relative intensities
derived from the powder pattern are given in Table I under Nd Solid (I).
Head and Holley have investigated the preparation and thermal decompo—-
sition of the rare-earth dihydrates [8, 9]. These elements were stated
to form dihydrates that were isostructural and that had similar x-ray
powder diffraction patterns. Unfortunately, these patterns were not
published. However, an original x~ray film containing the powder
diffraction pattern of the Ndy(CO03)3-2H70 (assigned from the results
of chemical analysis) was recently obtained from C. E. Holley of LANL
and analyzed. The d-spacings and relative intensities are given
in Table I. Our material appeared to be pure, microcrystalline
Ndy(C03)3-2H50.

The Nd2(C03)3° 2H90 solid was placed in a polypropylene cell
containing an aqueous solution composed of 0.1M NaClO,' and 2x10'€§ HCO3'
at a pH of 6.12. After a contact time of three weeks, an x-ray powder
diffraction pattern was again obtained on the solid. The resulting
powder pattern is given in Table I under Nd Solid (II). The pattern
was distinctly different from that of the Nd Solid (I) but nearly
identical to the powder pattern reported for NdOHCO3 - Type A [11].



TABLE I, X-RAY POWDER DIFFRACTIUN PATTERNS OF Nd SOL1D PHASES

Ndz(oo:):'zllzo Nd Solid (1) NdOliCO,* Nd Solid (1I)
4(A) U a) b YR O
7.563 70 7.694 70 5,500 30 5.500 25
5.680 85 5.800 85 4.280 100 4,283 100
4.665 100 4,726 100 4,235 15 - -
3.934 85 3.991 85 3.675 s 3.673 50
3,834 25 3.875 25 3.650 25 - -
3.615 50 3.659 70 T 3,315 K} 3.308 25
3.092 25 3.129 25 2,940 25 - -
3.015 85 3,046 85 2,910 50 2,921 . 50
2,976 10 - - 2.748 3 - -
2,873 10 . - - 2,630 30 2.634 25
2.751 25 2,767 25 2.475 25 2,482 25
2.582 70 2,607 50 2,400 10 2.404 10
2,249 10 - - 2.323 40 2,324 50
2170 10 - - 2,310 18 - -
2.082 10 - - 2.138 ? - -
2,016 50 2.031 35 2.122 9 - -
1.982 25 1.99% 25 2.097 1 - -
1.872 35 1.882 35 2,050 40 2.050 35
1.825 k}] 1.835 35 2,030 13 - -
1.779 35 1.789 35 1.984 40 1.988 5
1.737 25 1.745 35 1,925 25 1.929 10
1.562 35 1.566 25 1.880 10 1.885 10
- - - - 1.830 19 1.828 25

(a) Reference 11; (b) relative intensities visually estimated; (c) relative intensities by diffractometer.



There was no longer any evidence in the pattern for Nd3(C03)3-2H;0.
The starting material had converted to the basic carbonate during the
three week contact time.

An attempt was made to prepare Am3(C03)3-2H20 by the same procedure
as was used to prepare the Nd3(C03)3-2H70. However, the x-ray powder
diffraction pattern of the resulting Am compound was very similar to
that of the NdOHCO3 and not Nd2(CO3)3°2H0. The preparation of the
solid was repeated with the Am, and the x-ray diffraction analysis
of the solid gave a pattern again similar to the Nd basic carbonate.
The d-spacings and relative intensities obtained from the pattern are
given in Table II under Am Solid (I). Since the results with Nd sug-
gested that the basic carbonate is more stable than the dihydrate
in our aqueous carbonate system, no further attempts were made to
produce the normal carbonate of Am.

2,2. Solubility Measurements

The solubility studies with trivalent americium were conducted in two
parts. The first involved following to steady state the concentration
of Am in a solution initially free of the element, i.e., undersaturation
with respect to precipitation, but which had been placed in contact with
the solid phase AmOHCO3. The second involved following to steady state
the concentration of Am in a solution initially supersaturated in Am
with respect to the precipitation of a solid phase but with no solid
initially present. Much of the equipment and techniques used in these
measurements have been described elsewhere [12].

In order to obtain a reliable value for the solubility product

quotient for the reaction,
AmOHCO4(s) + 2BY = am>*+ H,0 + HCO,™

the pH range available for measuring the solubility was somewhat
limited. It was necessary to hold t@eagﬂ to less than about 6.5 to
avoild significant hydrolysis of the Am”" ion but greater than about

5 to avoid possible dissolutiog of all of the available starting solid
(8 mgs). In addition, the €0, ~ concentration was set sufficiently
low so as to avoid significant carbonate complexation of the Am”™ ion,
i.e., ~10~8y M. A pH of 6.12 was selected as it is within a reasonably
well buffered region where the concentrations of H CO; and HCO, are
equal. A computer controlled pH-stat was used to maintain a pH near
this value. The bicarbonate, and thus carbonate, ion concentration
was fixed by maintaining a gas mixture of 0.792 + .010%Z CO7 and 99.3%
Ar over the aqueous phase. The equilibrium concentrations of bicar—-
bonate and carbonate ions in the aqueous phase under these conditions
were calculated to be 2, 05x10’4M and 2.25x107 8M respectively, using
reported carbonate equilibrium quotients for 0. 1M ionic strength [13,
14). To fix the ionic strength, an aqueous solution of 0.1M NaClo,
was used as supporting electrolyte. Two titrations of 50 mls of the
aqueous phase at a starting pH value of 6.14 with 0.100M HC1l to the
end point of the HCO to H CO conversion were made prior to the
initiation of the soiubility experiments. From the results, the



TABLE II. X-RAY POWDER DIFFRACTION PATTERNS OF AMERICIUM SOLID PHASES

Am Solid (I) Am_Solid (1I) Am Solid (111)  Aversge (I, I, I1I) Calculated
d(A) 18 a(a) 18 d(A) 18 d(A) d(A) hkl
5. 500 25 5.503 25 5,505 25 5.503+0.003 5.497 o11
4,283 100 4.279 100 © 4,281 100 4.28140.002 4.281 110
3.673 © 50 3.674 50 3.666 50 3.67040.004 3.682 11
- - - - - - - 3.658 021
3.308 25 3.314 s 3.326 35 3.316+40.009 3.320 012
- - 2,942 23 - - - 2,943 121
2.921 50 2.919 50 2.912 50 2.91740.005 2.917 102
2.634 25 2.636 25 2.635 25 2.635+0.001 2.634 031
2.482 25 2,480 25 2.475 25 2,47940.004 2.479 200
2.398 10 2,402 10 2.406 25 2.402+0,004 2.404 122
2.324 50 2.335 35 2,331 50 2.33040.006 2.326 131
- - 2.322 10 - - - 2.314 o13
- - 2,13 10 2.132 25 2.13340.002 2,141 220
2.050 35 2,054 35 2,051 50 2.05240.002 2.052 221
1.988 35 1.986 25 . 1.985 25 1.986+0.002 1.986 212
1.929 10 1.929 25 1.924 25 1.92740.003 1.928 123
1.885 10 1.889 10 - - 1.887+0.003 1.883 141
1.828 25 1.835 10 - - 1.83240.005 1.832 033

(a) Relative intensities visuslly estimated.




bicarbonate ion concentration was calculated to be 2.67 ::.16x10‘€§.
This value is 2n reasonable agreement with the concentration of
2.15 + .17x107'M calculated for the C0, partial pressure in the gas

mixture at this pH.
2.3. Solubility Measurements from Unsaturation

Approximately 8 mgs of the crystalline AmOHCO3, Am Solid (I), were
placed in a polypropvlene cell with 50 mls of the aqueous phase at
25 + 1°C and 1 atmosphere pressure. Two 1 ml aliquots of the aqueous
phase were taken after 1, 3, 7, 14, 21, and 30 days equilibration time.
After centrifugation at 15,000 RPM for 15 minutes, the Am concentra-
tions were determined from the results of liquid scintillation counting
of the supernates. The beta-emitting daughter 239Np, was found not
to be in nuclear decay equilibrium with the 243pm in solution at the
times of sampling. Because the 239Np added to the measured total count
rates of the aliquots, the samples required counting periodically for
3-4 weeks to allow secular equilibrium to be established so the
appropriate counting corrections for the Np could be made.

At the end of the 30-day period, two additional 5 ml aliquots of

' the aqueous phase were taken. After centrifugation, the aliquots were

split into two fractions. One fraction, 2 mls, was passed through a
a 0.2um acrodisc polysulfone filter while the other fraction, 3 mls,
was passed through a 0.015um Nuclepore polycarbonate filter. The
first one-~half of the fraction through the filters was discarded and

a measured portion of the remaining filtrate analyzed for Am by liquid
scintillation counting.

Also, at the end of the 30 day period, the solid phase remaining
in the cell was subjected to x—ray diffraction analysis. The results
obtained from the powder pattern are given in Table II under Am
Solid (II). The powder pattern was identical to that of the starting
material, Am Solid (I). There was no change in the solid phase during
these dissolution measurements.

2.4, Solubility Measurements from Supersaturation

At the conclusion of the first part of the studies described above, the
aqueous phase in the cell was made 0.1M in HC104; to dissolve the solid
AmOHCO3. The volume of the aqueous phase was adjusted to 50 mls by the
addition of water and solutions of NaHCO3 and NaOH in sych a manner as
to again produce an aqueous phase 0.1M in NaClo,, 2x10 "M in HCO3- and
at a pH of 6.12. The remainder of the experiment proceeded as in the
first part of these studies.

Aliquots of the aqueous phase were taken after 1, 3, 7, 14, 22, 31,
37, 44 and 51 days equilibration time in order to follow the Am solution
concentration to steady state. At the 51 day period, ,in additiom to
separation of phases by centrifugation, aliquots were filtered as
before. At this time, the solid phase that had precipitated was sub~
jected to x-ray diffraction analysis. The information obtained from
the powder pattern is given in Table II under Am Solid (III). The
powder pattern was identical to that of Am Solid (I) and Am Solid (II).



3. RESULTS

3.1. Crystal Data

The corresponding d-values obtained from the x-ray powder diffraction
patterns of the three solids, Am Solid I, II and III, were least square
averaged; the results are given in Table II. Guided by the work on
NdOHCO3 type A [11], the averaged values could be indexed in the orthor-
hombic system with the unit cell parameters a = 4,958, b = 8,487 and

¢ = 7.215A. The calculated d-values and Miller indices are also given
in Table II. The values of the parameters agree to within two decimal
places with those given for NdOHCO3 - type A [11]. Thus, the Am solid
was identified as AmOHCO3 and it is isostructural with NdOHCO3 - type A.

3.2. Solubility from Undersaturation

The results of the measurements of the solubility of the crystalline
AmOHCO3 are given in Table III. The pH values given are the average
values observed during each equilibration period. The errors in the
pH values were estimated from the inherent reproducibility of measure~
ments with the pH meter and electrodes, both on the dissolver solution
and buffers, and from the root mean square deviations of pH values
(measured every two hours) from the averages. No corrections were
made for liquid junction potential differences.

The values and errors assigned to the Am solution concentrations
are the average and deviations from the average of the two aliquots
taken at each sampling period. The values of the bicarbonate concen=-
trations were calculated from the partial pressure of COs over the
aqueous phase, i.e., 0.00792 + .0004 atmospheres and the average pH
value during the period.

Since the Am solution concentrations did not vary appreciably
after the 7 day equilibration time, it was assumed that steady state
had been achieved in the dissolution reaction. Some variation in the
Am concentrations between equilibration times is due to differences
in the pH. The Am concentrations of the solutions passed through the
two different pore size filters at the 30 day period agreed to within
experimental error. However, these values are only about 65% of the
An concentration of the centrifuged sample. Whether this difference
was due to insufficient separation of solid and aqueous phases by our
centrifugation system or due to loss of Am via absorption of soluble
species by the filters was not determined. Since the source of this
discrepancy was not known, the three values were given equal weight in
subsequent data analysis.

3.3. Solubility from Supersaturation

The results of the measurements of the solution concentrations of Am

as a function of equilibrium time during the precipitation of AmORCO4
are given in Table IV. The values for the average pH, the Am concentra-
tions and bicarbonate concentrations and their associated errors were
obtained as described in the previous section.



TABLE I1II.

RESULTS OF SOLUBILITY MEASUREMENTS BY DISSOLUTION OF AmQHCO3.

Equil. Time pi Conc. Am Cone. IIC04 Sol. Prod, log Qyp
(days) (wolen/l) (moles/1) Quot., Qgp

1 6.13+.03 2.86+.25x1073 2,09+, 18x10~4 6.32+.10x103 3.80+,06

3 6.13+.03 1.19+,04x10~3 2.09+.18x1074 2.63+.36x103 3.42+.06

7 6.15+.03 2,174.54x106 2.19+,19x107% $.51+1.56x02 2,74+.11

14 6.13+.03 2,39+.21x10~6 2.09+.18210~% 5.28+.85x102 2.724.06

21 6.14+,03 2.02+,04x10~6 2.14%.19x107% 4,79+.65x102 2.68+.06

30 6.14+,03 2.29+.03x10~6(a) 2.164.19210™% | 5.43+.73x102 2.73+.06

1.54+.13x1075(b) 3.65+,58x102 2.56+.06

1.40+.13x1076(c) 3.32+.55x102 2.52+,07

(a) Centrifugation; (b) centrifugation plus 0.2 pm filtration; (c) centrifugstion plus 0.015pm fileration.



TABLE LV.

RESULT OF SOLUBILITY MEASUREMENTS BY PRECIPITATION OF AmOMNCO3.

Equil. Tize pH Conc. Am Conc. HCO3 Sol. Prod. log Qp
(days) (wmolee/1) (moles/1) Quot., Qgp

0 .009 6.61+.21x10~4 - -

1 6.09+.03 3.66+.13x107% 1.91+.17x10% 6.14+,82x10% 4.79+.06

3 6.11+.03 3.15+.05x10~% 2.00+,18x104 6.07+.82x10% 4.78+.06

7 6.12+.03 3.56+.13x10~% 2.05+.18x10~% 7.35+1.02x10% 4.87+.06

14 6.10+.03 1.0@1.67;}0-5 1.95+.17x10~% 1.41+.35x10% 4.15+.10

22 6.13+,03 7.67+.72x1076 2.09+,18x107% 1.70+.28x103 3.23+.07

31 6.14+,03 3.21+.14x106 2.}&:.19310“ 7.60+1,07x102 2.88+.06

37 6.13+.03 4.42+.17x1076 2,09+.18x1074 9.77+1.36x102 2.99+.06

(1) 6.1:;;0_-.03 4.71+.30x1076 2.09+.18x10-4 1.04+.15x103 3.02+.06

s1 6.11+,03 4.88+.11x1076(a) 2.00+.18x107% 9.40+1.332102 2.97+,06

3.65+.06x1076 (b) 7.03+.95x102 2.85+.06

3.204.32x10~6(c) 6.16+1.03x102 2,79+.07

(a) Centrifugation; (b) centrifugation plus 0.2 ym filtration{ (c) centrifugation plus 0.015 um filtration.



As can be seen 1in Table IV, the Am concentrations decreased during the
first month of the measurements but then remained relatively constant
for the following 20 days. Therefore, it was assumed that steady state
had been achieved.

As in the dissolution experiments, the Am concentrations measured
for the filtered samples at the 51 day equilibration time agreed
reasonably well but were only about 60% of the value measured for
the centrifuged sample. The three values were given equal weight in
subsequent data analysis.

3.4, Evaluation of the Solubility Product Quotient and Constant

Solubility product quotients, Qgp, were calculated from the measured
concentrations given in Table IIE and IV for the following reaction

AmOHCO4(s) + 2H' = Am>* + HCO, ™+ H,0 (1)

The concentrations of hydrogen ion were derived from the measured pH
values using an activity coefficient of 0.78. This value was estimated
from trends in mean activity coefficients for 0.1M HC1 [15], 0.1M HClO4
[15] and HC1 in O,1M NaCl [16].

Since the Am3* ion can undergo a small amount of hydrolysis and
carbonate complexation under the solution conditions of the experiment,
estimates of the degree of these reactions were made. The first hy-
drolysis constant for Am”" has not been measured in a noncomplexing
medium at 0.1M ionic_strength; however, a log value of =7.7 + 0.3 has
been reported for Cm3t [17]. Since Am5+ and Cm3* are adjacent actinides
of similar ionic radii, that of Am being slightly larger, a value of
-7.8 + 0.3 was assumed for Am3*. From this quotient, the AmOHZ* to Am3+
concentration ratio for a pH of 6.12 was calculated to be 0.016 + 0.012.

A log value of 5.81 + 0.04 has been reported for the formation
constant, of the first carbonate complex of Am*" in 1M NaCl0, [18].
Unfortunateiy there are no data on mean actlivity coefficients of
appropriate Am salts in mixed electrolyte systems which could be used
to correct the quotients obtained in IM NaClO; to 0.IM NaClO,. As
the next best approximation, it was decided to use mean activity coef-
ficients of LaCll3-HCl mixtures that have been measured experimentally
{19]. The mean activity coefficient for appropriate carbonate species
in a mixed electrolyte were estimated using Pitzer's equations [20].
Ion interaction parameters used in the calculations for carbonate
species [21] and NaCl0, [22] are reported in the literature. The
single ion activity coefficient for AmCO3+ was taken to be equal to
that of Na'. The resulting estimate for log P;(0.1M) was 6.11 + 0.04.
This quotient leads to a value of 0.027 + 0.005 for | the Amco3+ to
An3 concentration ratio.

From the above ratios, the concentration of free Am3+ was calcu~
lated as 95.9 + 1.3% of the measured Am in solution. The total Am
solution concentrations given in Tables III and IV were reduced by
this percentage before calculation of the Qsp's given in the tables.

10



The Qgp values calculated from the data obtained by the three
different solid-solution separation schemes at the 30-day equilibration
time for the dissolution experiment and the 5l-day equilibration time
for the precipitation experiment were averaged by the least squares
method. The resulting mean and standard deviation of the solubility
product quotient for 0.1M ionic, strength was 583 + 206. Estimates for
the activity coefficients of Am”", HCO,~ and it at o. IM ionic strength
were used to obtain an approximate value for the solubility product
constant, Kg,, at zero ionic strength from the solubility product
quotient given in the preceeding paragraph. The sources of the
estimated activity coefficients were given prev§+usly 1n this Raper.
Values of 0.46, 0.76, and 0.78 were used for Am HCO, and H
respectively. The resultant value for Kg, was 335:& 130.

4. CONCLUSIONS

The basic carbonate of americium, AmOHCO3, was found to be a stable
solid phase in dilute aqueous carbonate solutions at near neutral pH.
The compound is isostructural with NdOHCO3 = type A and its x~ray
diffraction pattern can be indexed in the orthorhombic system. The
solubility product quotient for 0.1M ionic stremgth, 25 + 1°C and 1
atmosphere pressure was found to be y 583 + 206. The solubility product
constant for zero ionic strength was estimated to be 335 + 120.
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